The aim of this study was to describe the state of infection of roe deer (Capreolus capreolus) and red deer (Cervus elaphus) by Bartonella sp. in North-Western Poland through PCR detection of Bartonella 16S-23S rRNA ITS region in isolates of animal tissues, and also to describe the genetic diversity of detected Bartonella species based on molecular analysis of ITS. The multiple alignment analysis of ITS sequences was carried out, and homology matrices and phylogenetic trees were constructed. The DNA of Bartonella sp. was detected in tissues of 45.6% (36/79) C. capreolus and of 50% (15/30) C. elaphus. Products of two different sizes were detected: 317 bp, characteristic for B. schoenbuchensis, and 198 bp, characteristic for B. bovis. The obtained results suggest that roe and red deer are potential reservoirs of Bartonella sp. Most of the analysed ITS sequences was not specific for one host species. In constructed phylogenetic trees, sequences obtained from roe and red deer clustered together. These results suggest a lack of host specificity of most detected B. schoenbuchensis and B. bovis intraspecies strains.
The genus Bartonella contains numerous recently described species, which are arthropod-borne bacterial parasites infecting mammalian erythrocytes. Many of these species are new and emerging human pathogenes (9) . Bartonella sp. has been isolated from a variety of mammal species, most often from rodents, ruminants, and carnivores, and these animals are implicated as reservoirs for the microorganism (4, 9, 12, 17) . In wild ruminants, three species of Bartonella have been found: Bartonella capreoli and Bartonella schoenbuchensis, first isolated from roe deer (Capreolus capreolus) in France (3) and Germany (6) , respectively, as well as bovine species Bartonella bovis (1, 5, 15) . However, B. capreoli was also found in French red deer (Cervus elaphus) (2) and in roe deer, as well as in common ticks (Ixodes ricinus) collected from them in Poland (16) . B. schoenbuchensis and B. bovis were found in roe and red deer in Poland, as well (1) . B. bovis was also found in red and mule deer (Odocoileus hemionus) in USA (5) . B. bovis has been implicated in a human patient with bacillary angiomatosis (13) . There is no evidence that remaining two species are pathogenic for humans, but several zoonotic Bartonella species were recognised as agents of human bartonellosis.
The intergenic spacer (ITS), which separates 16S and 23S rRNA genes of many bacteria is one of the molecular markers used as tools for identification and subtyping of Bartonella species, as well as for phylogenetic analysis (7, 10, 12, 14) . ITS region is characterised by a high degree of variability and the level of ITS intraspecies divergence is variable from one species to another (7) . The first aim of this study was to describe the state of infection of wild ruminants, such as roe deer and red deer by Bartonella in Western Pomeranian region. The prevalence of Bartonella DNA in the tissues of these game species was also measured, using the 16S -23S rRNA intergenic spacer (ITS) as a molecular marker, and the genetic diversity of detected species of Bartonella based on phylogenetic analysis of ITS sequences was described.
Material and Methods
Blood (1 ml) and spleen (about 1 cm 3 ) samples were collected from 79 roe deer (Capreolus capreolus) and from 30 red deer (Cervus elaphus), shot during hunts organised in 2007 by the Western Pomerania Hunting Association in the district of Tanowo (near Szczecin, West Pomerania), and placed in Eppendorf tubes. DNA was isolated using the MasterPure TM DNA Purification Kit (Epicentre, USA) and kept at -70˚C until analysis. Bartonella sp. DNA was detected using a set of Jen1F and B1623R primers, enabling the amplification of the 16S-23S intergenic spacer (ITS) region, as described previously (4) . PCR products were separated in 1.5% agarose ethidium bromide-stained gel.
Of all of the samples that produced a positive result with the Jen1F/B1623R primers, six (two from roe deer and four from red deer) were selected for sequencing, which was performed at the Institute of Biochemistry and Biophysics, Polish Academy of Sciences, Warsaw, Poland. Amplification was performed with a set of primers identical to those used in PCR and the results were compared with each other and with sixteen corresponding sequences deposited at GenBank. Fourteen of these sequences were obtained earlier from blood of ruminants shot during 2005 year in the same district, ten from roe deer and four from red deer (EF418048 -EF418061) (1) . Two sequences were obtained by Zeaiter and Raoult (GenBank, unpublished data). There are no data about origin of these sequences.
The multiple alignment analysis of these sequences was carried out, and homology matrices and unrooted phylogenetic trees were constructed using the DNAMAN software (Lynnon BioSoft, Canada), with the Kimura method (11).
Results
The DNA of Bartonella sp. was detected in tissues of 36 (45.6%) C. capreolus and in tissues of 15 (50%) C. elaphus. Products of two different sizes were detected: 317 bp and 198 bp. Previous sequencing of ITS fragments obtained from samples from blood of roe and red deer revealed that amplicons of 317 bp are characteristic for B. schoenbuchensis, and products of 198 bp -for B. bovis (1) . A detailed report of the presence of Bartonella sp. DNA in tissues of the examined animals is given in Table 1 .
The results of comparison of sequences obtained from wild ruminants, EF418048 -EF418061 (1), GU810020 -GU810025 (this study) and from GenBank, AY116638 and AY116639, are shown in Tables 2 and 3 . None of the sequences obtained from ruminants was found to be identical with sequences obtained by Zeaiter and Raoult. Among sequences of ITS fragments of B. schoenbuchensis (Table 2) , sequences EF418048 and EF418049 obtained from roe deer were identical, as well as sequences EF418050 (roe deer), EF418051 (red deer), and GU810020 (roe deer), sequences EF418052 (roe deer), EF418053 (red deer), and GU810021 (red deer), and sequences EF418054 (roe deer), EF418055 (roe deer), and GU810022 (red deer). Among sequences of ITS fragments of B. bovis (Table 3) , sequences EF418056 (roe deer), EF418057 (red deer), and GU810024 (red deer) were identical, as well as sequences EF418058 (roe deer) and EF418059 (red deer), sequences EF418060 (roe deer) and GU810025 (red deer), and sequences EF418061 and GU810023 obtained from roe deer.
The phylogenetic tree constructed on the basis of ITS fragments of B. schoenbuchensis (Fig. 1) presents two main groups of sequences. One group is composed of two subgroups, which are represented by sequences obtained from roe and red deer from Western Pomerania. The second group is also composed of two subgroups; one of them is represented by three sequences obtained from roe deer and from red deer, and the second -by two sequences obtained from roe deer and the sequence obtained from GenBank (Zeaiter and Raoult, unpublished data). The source of this sequence is not given. The phylogenetic tree constructed on the basis of ITS fragments of B. bovis (Fig. 2 ) also presents two main groups of sequences. One group is composed of two subgroups represented by sequences obtained from Western Pomeranian roe and red deer. The second group is composed of two subgroups; one of them is represented by the sequence obtained from roe deer and the sequence obtained from red deer, and the secondby two sequences obtained from roe deer and the sequence obtained from GenBank (Zeaiter and Raoult, unpublished data). There is no information about origin of this sequence.
Discussion
The studies on the presence of Bartonella bacteria in ruminants are not numerous, and in Europe concern mainly domestic cattle (Bos taurus). The presence of B. bovis DNA was observed in 49% of domestic cattle, 15% of red deer, and 90% of mule deer from USA (5), as well as in 59% of domestic cattle from France (13) . B. capreoli was found in 7.3% of examined red deer from USA (2). Differences in Bartonella DNA prevalence in hosts coming from different countries may have resulted from the difference in the kind of tissues used in the studies. In this paper, the presence of Bartonella DNA was investigated in each individual's blood and spleen isolates, in contrast to Chang et al. (5) and Maillard et al. (13) , who examined only the blood. As Bartonella DNA was detected more frequently in the isolates from the spleen than from blood, the examination of spleen increased the detection of DNA of this bacterium. Because erythrocytes undergo lysis and phagocytosis in the spleen, it is likely that Bartonella DNA was detected only in the blood at the onset of infection and only in the spleen at the final phase of infection. Bartonella DNA prevalence in hosts may be also depended on the sampling season (2). Bai et al. (2) observed low Bartonella prevalence because of sampling during the winter, when arthropod infestation is low; this relationship was also observed in rodents. The presented study was based on tissues sampled in spring and autumn, when the infestation is relatively high, so Bartonella DNA prevalence was observed in almost 50% of examined ruminants. Fig. 1 . Phylogenetic tree for variants of Bartonella schoenbuchensis based on the partial ITS sequences obtained from wild ruminants: EF418048 -EF418055 (1), GU810020 -GU810022 (this study) and from GenBank: AY116639.
Fig. 2.
Phylogenetic tree for variants of Bartonella bovis based on the partial ITS sequences obtained from wild ruminants: EF418056 -EF418061 (1), GU810023 -GU810025 (this study) and from GenBank: AY116638.
Earlier studies of wild ruminants, shot during 2005 in the hunting district of Tanowo, revealed that Bartonella DNA was present in 39% of examined roe deer and in 35% of red deer (1) . The degree of Bartonella infection was higher in specimens shot in 2007 than in animals shot in 2005, and the high percentage of roe and red deer from Western Pomerania in which B. schoenbuchensis and B. bovis DNA were found suggests that they are potential reservoir hosts of these bacteria. The presence of B. capreoli, a species genetically close to B. schoenbuchensis, was not confirmed by sequencing in wild ruminants from northwestern Poland. Earlier studies (16) revealed the presence of this species in roe deer and ticks collected from them; however, these results were based on the length of obtained 16-23S rRNA intergenic spacer (ITS) amplicon fragment, not on sequencing. Previous investigation (1) and this study did not confirm the presence of B. capreoli in roe and red deer, despite the fact, that this species was isolated from French roe and red deer (2, 3). Bai et al (2) suggested that B. capreoli could be widely distributed among C. elaphus. However, wild ruminants from Tanowo area do not seem to be the reservoir of B. capreoli. Moreover, identification of various Bartonella species on the basis of the length of ITS amplicon may be insufficient and further sequencing is needed.
Individual species of Bartonella indicate clear preferences for their hosts, although non-specific infections with various Bartonella species have been observed in mammals, which are not reservoir hosts (4). B. schoenbuchensis was first detected in roe deer (6) , and B. bovis -in cattle (3). However, B. schoenbuchensis was also found in cattle (14) and B. bovis -in mule and red deer (5) . The results of this and earlier study (1) confirm that B. bovis infects wild ruminants as well as domestic cattle. In phylogenetic trees (Figs 1 and 2 ), sequences obtained from red deer and most sequences obtained from roe deer clustered together. These results suggest that there may be a lack of host specificity of detected B. schoenbuchensis and B. bovis intraspecies strains. Studies on host specificity of various strains of one Bartonella species are not numerous. Inoue et al. (8) revealed strong host specificity of B. waschoensis strains. However, they applied multi-locus sequence analysis (MLSA) and additional studies are needed to examine host specificity of B. schoenbuchensis and B. bovis strains.
The intergenic spacer (ITS) region, which separates the 16S and 23S rRNA bacterial genes is characterised by a high degree of variability, and the single-step PCR analysis, based on detection of ITS, enables intra-and interspecies differentiation of Bartonella sp. (7, 10, 12) . Sequence of Bartonella ITS is unique in comparison to the sequences of other bacteria (10) ; however, use of nonspecific primers could lead to false-positive results (14) and sequencing is needed to obtain reliable data. The ITS region is also a useful tool for phylogenetic analysis (7, 10, 12) . Topologies of phylogenetic trees constructed on the basis of ITS sequences are supported by the high bootstrap values (from 77 to 95 for tree constructed on the basis of ITS fragments of B. schoenbuchensis and from 78 to 95 for tree constructed on the basis of ITS fragments of B. bovis). These results confirm the usefulness of 16S-23S intergenic spacer as a tool for intraspecies phylogenetic analysis of B. schoenbuchensis and B. bovis and the topologies of constructed trees are reliable. Moreover, molecular analysis, based on single-step PCR with Jen1F and B1623R primers complementary to 16S-23S rRNA ITS sequence, can be used for preliminary identification and differentiation of Bartonella sp. in wild ruminants.
